The growth in the financial derivatives market over the [ast thirty years has been 
quite extraordinary. From virtually nothing in 19713, when Black, Merton and 
Scholes did their Seminal work in the area, the total outstanding notional value of 
derivatives contracts today has grown to Several trilllon dollars. This phenomena] 
Orowth can be attributed to two factors. The first, and most important, j5 the 
natural need that the products fulfil. Any organization or individual with 5izeable 
assets |j5 exposed to moves in the world markets. Manufacturers are Susceptible 
to moves in commodity prices, multinationals are exposed to moves in exchange 
rates, pensjon funds are exposed to high inflation rates and [|ow interest rates. 
Financial derivatives are products which allow all these entities to reduce thelir 
exposSure to market moves which are beyond thelir contro]. The Second factor |j5 
the parallel development of the financial mathematics needed for banks to be 
able to price and hedge the products demanded by their customers. The 
breakthrough idea of Black, Merton and Scholes, that of pricing by arbitrage and 
replication arguments, was the Start. But it [5 only because of work in the field of 
pure probability in the previous twenty years that the theory was able to advance 
SO rapidly. Stochastic calculus and martingale theory were the perfect 
mathematical tools for the development of financial derivatives, and models 
based on Brownian motion turned out to be highly tractable and Usable in 
practice. Where this leaves u5 today j5 with àa massive industry that js highly 
dependent on mathematics and mathematicians. These mathematicians need to 
be familiar with the underlying theory of mathematical finance and they need to 
Know Now to apply that theory in practice. The need for a text that addressed 
both these needs was the original motivation for this book. [t j5 aimed at both the 
mathematical practitioner and the academic mathematician with an interest in 
the real-world problems associated with financial derivatives. That js to 5ay, we 
Have written the book that we would both like to have read when we first Started 
to work in the area. 


ThIS book js divided into two distinct parts which, apart from the need to cros55- 
reference for notation, can be read independently. Part | js devoted to the theory 
Of mathematical finance. [t [js not exhaustive, notable omjiss5lons being a 
treatment of asset price processes which can exhibit j[umps, equilibrium theory 
and the theory of optimal control (which underpins the pricing of American 
options). What we have included js the basic theory for continuous asset price 
processes With àa particular emphasis on the martingale approach to arbitrage 
pricing. The primary development of the finance theory js carried out in Chapters 
Land 7. The reader who js not already familiar with the Subject but who has a 
Solid grounding in Stochastic calculus could learn most of the theory from these 
two chapters alone. The fundamental ideas are [aid out in Chapter 1, in the 
Simple Setting of àa 5ingle-period economy with only finitely many States. The ful] 
(and more technical) continuous time theory, j5 developed in Chapter /}. The 
treatment here js Slightly non-standard in the emphasis jt places on numeraires 
(Which have recently become extremely important as àa modelling too]) and the 
(consequentia]) development of the L1 theory rather than the more common L2 
Versljon. We also choose to work with the filtration generated by the assets in the 
eCONomy rather than the more U5Sual Brownian filtration. This approach |j5 
certainly more natural but, Surprisingly, did not appear in the literature until the 
work of Babbhbs and Selby (1998). An understanding of the continuous theory of 
Chapter } requires àa knowledge of Stochastic calculus, and we present the 
Necessary background material in Chapters 2-6. We have gathered together in 


one place the results from this area which are relevant to financial mathematics. 
We have tried to give a ful| and yet readable account, and hope that these 
chapters will Stand alone as an accessible introduction to this technical area. Our 
presentation has been very much influenced by the work of David Willlams, who 
Was a driving force in Cambridge when we were Students. We also found the 
books of Chung and Williams (1990), Durrett (1996), Karatzas and Shreve (1991, 
Protter (1990), Revuz and Yor (1991) and Rogers and Williams (198) to be very 
illuminating, and the informed reader will recognize their influence. The reader 
Who has read and absorbed the flrst Seven chapters of the book will be wel] 
placed to read the financial literature. The [ast part of theory we present, in 
Chapter 8, Is more Specialized, to the fleld of interest rate models. The exposition 
here js partly novel but borrows heavily from the papers by Baxter (1997) and [in 
and Glasserman (1997). We describe Several different ways present in the 
literature for Specifying an Iinterest rate model and Show how they relate to one 
another from àa mathematical perspective. This includes à discussion of the 
celebrated work of Heath, jarrow and Morton (1992) (and the l|ess celehbrated 
independent work of Babbs (1990)) which, for the first time, defined interest rate 
models directly in terms of forward rates. Part || j5 very much about the practical 
Side of building models for pricing derivatives. lt, too, [js ſar from exhaustive, 
covering only topics which directly reflect our experiences through our 
involvement in product development within the London interest rate derivative 
market. What we have tried to do in this part of the book, through the particular 
problems and products that we discuss, js to alert the reader to the j55ues 
involved in derivative pricing in practice and to give him àa framework within 
Which to make his own judgements and à platform from which to develop further 
models. Chapter 9 sets the scene for the remainder of the book by identifying 
Some basic j55Ues à practitioner Should be aware of when choosing and applying 
models. Chapters 1.0 and L1 then introduce the reader to the basic instruments 
and terminology and to the pricing of Standard vanilla instruments u5ing 
SWaptlon measure. This pricing approach comes from fairy recent papers in the 
area Which focus on the Use of various assets à5 numeraires when defining 
models and doing calculations. This js actually an old idea dating back at least to 
Harrison and Pliska (1981) and which, Starting with the work of Geman et al. 
(1995), has come to the fore over the past decade. Chapter 12 [js on futures 
contracts. The treatment here draws [largely on the work of Dufſie and Stanton 
(1992), though we have attempted àa cleaner presentation of this Standard topic 
than those we have encountered elsevwhere. The remainder of Part || tackles 
pricing problems of increasing levels of complexity, beginning with 5ingle- 
currency European products and finishing with various Bermudan callable 
products. Chapters 13-16 are devoted to European derivatives. Chapters 1.3 and 
15 present à new approach to this much-5tudied problem. These products are 
theoretically Straightforward but the challenge for the practitioner js to ensure 
the model he employs in practice [5 well calibrated to market-implied 
distributions and j5 easy to implement. Chapter 14 discusses convexity 
corrections and the pricing of convexityrelated" products us5ing the ideas of 
earlier chapters. These are important products which have prevjously been 
Studiled by, amongst others, Coleman (1995) and Doust (1995). We provide 
explicit formulae for Some commonly met products and then, in Chapter 16, 
generalize these to multi-currency products. The [ast three chapters focus on the 
pricing of path-dependent and American derivatives. Short-rate models have 


traditionally been those favoured for this task because of their ease of 
Implementation and because they are relatively easy to understand. There |j5 a 
Vast literature on these models, and Chapter L/ provides merely àa brief 
introduction. The Vasicek-Hull-White model js 5ingled out for more detailed 
discussion and an algorithm for its implementation js given which j5 based on a 
Semil-analytic approach (taken from Gandhi and Hunt (1997)). More recently 
attention has turned to the 50-called market models, ploneered by Brace et al. 
(1997) and Miltersen et al. (199), and extended by jamshidian (1997). These 
models provided à breakthrough in tackling the j55ue of model calibration and, in 
the few years Since they flrst appeared, à vast literature has developed around 
them. They, or variants of and approximations to them, are now Starting to 
replace previous (Short-rate) models within most major Iinvestment banks. 
Chapter 18 provides à basic description of both the LIBOR- and Swap-hbased 
market models. We have not attempted to Survey the literature in this extremely 
important area and for this we refer the reader instead to the article of RutkowS5kKI 
(1999). The book concludes, in Chapter 19, with àa description of sSome of our Own 
recent work (jointly with Antoon Pelsser), work which builds on Hunt and Kennedy 
(1998). We describe àa Class of models which can fit the observed prices of [liquid 
insStruments in a Similar fashion to market models but which have the advantage 
that they can be efficiently implemented. These models, which we call Markoyv- 
functional models, are especially usefu] for the pricing of products with multi- 
callable exercise features, Such as Bermudan Swaptions or Bermudan callable 
consStant maturity Swaps. [he exposition here js Similar to the original working 
paper which was first circulated in late 199] and appeared on the Social Sciences 
Research Network in January 1998. A pr'ecis of the main ideas appeared in RISK 
Magazine in March 1998. The final paper, Hunt, Kennedy and Pelsser (2000), js to 
appear Soon. Similar ideas have more recently been presented by Balland and 
Hughston (2000). We hope you enjoy reading the finished book. [f you learn from 
this book even one-tenth of what we learnt from writing it, then we will have 
SUcceeded in our objectives. 


